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ABSTRACT 

Problems  arising  in  the  field  of  supersonic  aerodynamics  fre¬ 
quently  involve  '’Brandtl-Me^er”  flows.  These  flows  permit  exact 
mathematical  solutions, ^  and  tables  describing  such,  flows  are  available. 
However,  most  of  these  tables  suffer  from  one'  defect  or  another.  Thus, 
scans  of  theraare  based  on  a  value  of  Y  of  1*4,  which  is  not  sufficiently 
accurate  for  many  investigations.  Others  are  either  not  extensive  or 
accurate  enough.  In  the  present  table  care  has  been  taken  to  avoid  most 
of  these  major  defects j  the  calculations  are  based  on  Y*  =1.405,  and 
they  have  been  carried  out  with  an  accuracy  deemed  satisfactory  for  most 
purposes. 


For  a  treatment  of  such  flows  consult,  for  example^,  R.  Sauer, 
Theoretischa Einfuhrung  in  die  Gasdynamik,  Berlin,  1945, 


INTENTIONALLY  LEFT  BLANK. 


INTRODUCTION 


The  plane,  steady,  irrotational  flow  of  a  perfect  gas  in  the  neigh¬ 
borhood  of  a  corner  0,  Figure  1,  is  composed  of  3  parts:  the  undisturbed 
flow,  having  the  velocity  to  the  left  of  the  initial  characteristic 

C  ,  the  flew  about  the  corner  0,  between  C  and  the  final  characteristic 
o  o 

C^,  and  the  turned  flow,  with  S  f  =  CO  ,  and  the  velocity  q^,  to  the 
right  of  Cf  .  It- is  the  ” Pr andtl -ibyer "  flaw  between  and  which  is 
of  interest  here. 


Figure  1,  Flow  around  a  corner# 

This  flow  satisfies  the  partial  differential  equation 

(a2  -  u2)  <&  -  2  u  v  <A  +  :(a2  -  v2)  <b  “0,  (l) 

where  <p  (x,y)  is  the  velocity  potential,  =.  u,  =  v  are  the  com¬ 

ponents  of  the  velocity  q  in  the  x,y  directions^  respectively,  "q  being 
measured  in  terms  of  the  velocity  c  of  efflux  into  vacuum,  and  a  is  the 
local  speed  of  sound,  also  measured  in  terms  of  c.  The  velocities  a,  c, 

and  q  =  (u  +  v  )3  are  related  by  means  of  Bernoulli's  equation 

q2  +  2  a2/(  r  -  1)  =  c2,  (2) 

with  Y  —  1*405  denoting  the  ratio  of  specific  heats  of  air. 
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The  flow  around  a  corner  is  characterized  by  the  fact  that  the 
velocity  vector  "q-  is  constant  along  the  radial  limes  lines  from  the 
corner;  see  Figure  1.  It  is  thus  more  appropriate  to  describe  the  flow 
in  polar  coordinates  r,  0,  rather  than  in  Cartesian  coordinates  x,y»  In 
terms  of  the  new  coordinates  we  have  "the  potential  function  <$>  =  r  J(9), 
for  the  radial  and  transversal  velocity  components  U,  ¥  s  TJ  =  "3  /  3  r 

=  §>  (0),  and  ¥  =  3^/r3Q  =  *  (©),  Equation  (l)  becomes 

(a2  -  ¥2)(  a  ¥/  a  0  +  TJ)  =  0. 

Now  in  supersonic  flows  the  velocity  component  perpendicular  to  a 
Mach  liiie  always  equals  the  local  speed  of  sound.  For  flows  around 
corners,  then,  ¥  ~  a,  so  that  equation  (2)  becomes  . 

ft'1  § 'f  +  i-2  - 1,  (3) 

with  k2  =  (Y~  ].)/(/■+  1), 

If  the,  free  stream  Mach  number  M  is  unity,  so  that  q  =  k,  then 

i  o 

the  angle  05  which'  is  counted'  clockwise  from  the  initial  characteristic 
Co,  is  initially  0,  and,  clearly, 

U  (0)  =  g  (0)  =  0.  (4’) 

The  solution  of  equation  (3)  with  the  initial  condition  (4)  is 
obviously 


=  sin  k  0O 


(5) 


Consequently 

TJ  =  sin  k  9,  Y  =  k  cos  k  0.  (6) 

Since  M  =  q/a  =  q/fy,  and  ¥  =  0  for  0^  -  '7T°/2k,  .0  may  range  between  ©  and 
As  0  increases  from  0  to  0^,  the  various  quantities  behave  as 
follows? 


1«  U  =  sin  k  0  increases  from  0  to  1, 

2„  ¥  =  a  =  k  cos  k  0  decreases  from  k  to  0. 

3,  The  local  speed  q  =  (N2  +  Y2)®  increases  since  q*  =  (u¥/q)X 
(1  -  k2)  >0  in  0  i  8  -  0  *  Moreover,  q(0)  =  k,  q(®m)  =  1« 

4«  The  local  Mach  number  M  ~  q/a  increases  from  1  too»( 

5«  The  density  ratio  /a//0_o  =C(¥2)^^  with  C  = 

[2/(  Y  ~  1)J  ^  and'^)^  denoting  the  stagnation 

density,  decreases  from  [z/(  Y  +  l)^  ^  ^  to  0,  In 

flowing  around  the  corner  the  gas  is  continually  being  expanded. 
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6*  The  pressure  ratio  p/p  =  (/ s//o  )  also  decreases,  from 
[2/(  r+  X)]  r^y\  ~  to  0, 

7,  The  temperature  ratio  T/To  =  (p/p0)/(/°//°0)  decreases  from 
2/(  r"+  l)  to  0. 


8.  The  Mach  angle  /x  -  arc  tan  (V/tl)  decreases  from  Tf /Z  to  0. 

9.  The  inclination  &  of  the  streamlines  is  related  to  9  and  /x  by 

&  =  9  +  yiU.  —  7f  /Z%  However,  6  1  =1  -(k  cos  ykt/tj.)2  =  1  -(k/q)2 
>  0.  Thus  S  increases,  varying  between  0  and  §m,= 

(7^/2)  £/l/c)  -  1-J  «129?,52»  In  practices  the  angle  8  ^  of  turn 

is  frequently  prescribed,  and  the  problem  consists  then  in  the 
determination  of  M.,  p,  etc.  for  the  specified  amount  of  turn. 

The  calculations  leading  to  the  tabulated  values  started  with 
the  computation  of  U  and  V  by  means  of  equations  (6),  for  equally 
spaced  values  of  the  polar  angle  9.  Next  Mach  angle  fX  and  angle 
S  of  streamline  inclination  were  obtained.-  This  was  foll-cwed 
by  the  inversion  of  $  (9),  and  the  direct  interpolations 
necessary  to  get  8,  V  as  functions  of  the  equi-spaced  values  of 
§  .'  Knowing  the  velocity  components  U,  V  the  determination  of 
q,  M,  p/pQ»  anc*  tA0  a  simple  matter.  "Wherever  . 

necessary  the  computed  values  were  smoothed  by  differencing. 

To  check  the  tabular  entries  the  angle  8  was  recalculated  as  .  : 

function  of  M  by  means  of  the  relationship 

2  §  =  arc  cos(l  -  2/k2)  +  k  "^arc  cos  -M2 ) / (y, 2y  -f  M2)^  — Tf  (7) 


which  is  the  integral  of  the  differential  equation 
d  8  =  (M2  -  1 ) e  dq/q  „ 


1 . 


=X  £-  MtHL  m 

r“2  [2/(7^“l)^|  +  M2 

with  the  initial  condition  8=0  for  M  =  1.  Since'M  becomes  unbounded 
as  §  approaches  129°.32  it  is  necessary,  for  large  values  of  M,  to  re¬ 
place  g  (M)  by  8  (M*),  where 

m*  -  r  wf  1  *  (B) 

L(r-i)  r  +  2J 

X 

As  M  becomes  unbounded  M*  approaches  £(y  +  1 )/ (7^  -  l)jS, 
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Next  S  (M)  was  inverted  to  give  M  for  equidistant  values  of  <5  * 

Oil  comparison  of  these  -values  of  M  with  the  ones  previously  computed  the 
agreement  was  found  to  extend  to  all  decimal  places  exhibited  in  the 
table  except  for  an  occasional  deviation  of  one  unit  in  the  last  place 
shown. 


M.  Lotkin 
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Philadelphia,  Pennsylvania 
Attn:  Mr.  H,  H.  McClarren 

1  Radioplane  Corporation 

Metropolitan  Airport 
Van  Nuys,  California 
Attn:  Mr.  0.  L„  Woodson 

1  Reeves  Instrument  Corp. 

215  East  91st  Street 
New  York  23,  New  York 

1  Ryan  Aeronautical  Co. 

Lindbergh  Field 
Sanv Diego  12,  California 
Attn:  Mrr  Harry  Sutton 

1  Hughes  Aircraft  Company 

Florence  Ave.  at  Teal  St. 
Culver  City,  California 
Attn:  Mr.  A.  E,  Puckett 
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1  Purdue  University 

Lafayette,  Indiana 
Attn:  Dr„  M«  J.  Zucrow 

1  University  of  Southern 

California 

Naval  Research  Project 
College  of  Engineering 
Los  Angeles,  California 
Attns  Dr.  R.  T.  De Vault 

1  University  of  Minnesota 

Minneapolis,  Minnesota 
Attn:  Dr.  J.  D»  Akerman 

1  E ckcr t™Maun chi y  Computing 

Corporation 
37U7  Ridge  Avenue 
Philadelphia  32,  Pennsylvania 

1  Moore  School  of  Electrical 

Engineering 

University  of  Pennsylvania 
Philadelphia,  Pennsylvania 

2  Cornell  Aeronautical  Lab. 
Buffalo,  New  York 

1  Institute  for  Cooperative 

Research 

Johns  Hopkins  University 
Baltimore,  Maryland 
Attns  Dr.  A.  E.  Ruark 

1  Professor  William  Feller 

Cornell  University 
Ithaca,  New  York 

1  Frofessor  W.  Prager 

Brown  University 
Providence  12,  Rhode  Island 

1  Professor  G,  F.  Carrier 

Brown  University 
Providence  12,  Rhode  Island 


DISTRIBUTION 


r 


f 


u 

♦ 

I 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


1  Commanding  General  5 

Air  Materiel  Command 
Wright-Patterson  Air  Force 
Base 

Dayton,  Ohio  1 

Attn?  MCREOA,  Assistant 

for  Guided  Missiles 

1  California  Institute  of 

Technology  1 

Jet  Propulsion  Laboratory 
Pasadena,  California 

2  Director 

Central  Air  Documents  Office  1 

U.  Bo  Building 
Dayton  2,  Ohio 
Attn?  CADO-D 

1 

1  National  Advisory  Committee 

for  Aeronautics 

Flight  Propulsion  Laboratory  1 

Cleveland,  Ohio 

1'  National  Advisory  Committee 

for  Aeronautics 

Ames  Laboratory  1 

Moffett  Field,  California 

2  National  Advisory  Committee 

for  Aeronautics 
Langley  Field,  Virginia 
Of  interest  to;  Mr.  A.  Ferri  1 

2  National  Advisory  Committee 

for  Aeronautics 
1721;  F.  Street,  N.  W. 

Washington,  D.  C.  1 

2  Applied  Physics  Laboratory  . 

Johns  Hopkins  University 
Silver  Spring,  Maryland 


National  Bureau  of  Standards 
Washington  D.  C. 

Attn?  Dr.  J.  H.  Curtiss 

North  American  Aviation  Co, 
Inglewood,  California 
Of  interest  to: 

Mr.  B.  W.  Augenstein 

Bell  Aircraft  Company 
Niagara  Falls,  New  York 
Of  interest  to; 

Mr.  Paul  Emmons 

United  Aircraft 

East  Hartford,  Connecticut 

Attn;  Mr.  E.  Nilson 

McDonnell  Aircraft  Company 
St.  Louis  3,  Missouri 

Marquardt  Aircraft  Company 
7801  Hayvenhurst  Avenue 
Van  Nuys,  California 
Attn:  Mr.  R.  E.  Marquardt 

Republic  Aviation  Corporation 
Military  Contract  Department 
Farmingdale,  Long  Island, 

New  York 

Attn:  Dr.  William  O’  Donnell 

Consolidated-Vultee  Aircraft  Co. 
Ordnance  Aero-Physics  Lab. 
Daingerfield,  Texas 
Attn:  Mr.  J.  E.  Arnold 

Curtiss -Wright  Corporation 

Airplane  Division 

Columbus  16,  Ohio 

Attn;  Mr.  George  A.  Page,  Jr. 


> 


DISTRIBUTION 


No.  of  No,  of 

Copies  Organization  Copies  Organization 


1  Professor  Stefan  Bergman 

Harvard  University 
Cambridge  38,  Massachusetts 

1  University  of  Michigan 

Ann  Arbor 3  Michigan 
Attn 2  Dr,  Mo  Vo  Morkovin 

1  Syracuse  University 

Syracuse  10,  New  York 
Attn s-  Professor  A„  Gelbart 

1  Dr*  Frits  John 

New  York  University 
New  York  12,  New  York 

1  Dr„  John  Green 

University  of  California 
at  Los  Angeles 
Los  Angeles  2bs  California 

1  Dr o  Do  Ho  Lehmer 

University  of  California 
Berkeley  h,  California 

1  Professor  M„  Ho  Martin 

University  of  Maryland 
College  Park,  Maryland 

1  Guggenheim  Aeronautical  Lab, 

California  Institute  of 
Technology 

Pasadena,  California 
Of  interest  to 
Dr„  H.p  Leipman 

1  Professor  C„  C.  Lin 

■  Massachusetts  Institute  of 

Technology 

Cambridge,  Massachusetts 

2  Professor  Howard  Aiken 
Computation  Laboratory 
Harvard  University 
Cambridge  38,  Massachusetts 

LOCAL  DISTRIBUTION 

1  -  Author 

1  -  Laboratory  Chief 

3  -  Administrative  Office,  BRL 

3  -  Technical  Information  Section,  D&PS 

1  -  Liaison  Office,  Headquarters 


1  Dr„  ’AL  A.  Ec-kert 

Watson  Computing  Laboratory 
612  West  116th  Street 
New  York  27,  New  York 

1  Los  Alamos  Scientific  Lab,, 

Box  1663 ,  Santa  Fe,  . 

New  Mexico 

Attn?  Dr„  Nicholas  Metropolis 

1  Professor  H„  lihimons. 

Harvard  University 
Cambridge  38,  Massachusetts 

1  Professor  John  von  Neumann 

Institute  for  Advanced  Study 
Princeton,  New  Jersey 

1  Gas  Turbine  Laboratory 

Massachusetts  Institute  of 
Technology 

Cambridge  38,  Massachusetts 
Of  interest  to; 

Professor  Edward  S.  Taylor 

1  Professor  C,  Richard  Soderberg 

Dept,  of  Mechanical  Engineering 
Mass,  Institute  of  Technology 
Cambridge,  Massachusetts 

1  Professor  J.  B.  Rosenbach 

Carnegie  Institute  of  Technology 
Pittsburgh,  Pennsylvania 

1  Professor  J„  J„  Stoker 

New  York  University 
New  York  12,  New  York 
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